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We have implemented a 3-D growth model for pristine crystals and a pseudo-gravitational
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collection model to create aggregate particles. The figure at above right contains images of iooes o enEeE g T

pristine ice crystals that were simulated using the growth model, and the various aggregates = 1o, = o3 = om0 = os e~

shown below the crystals are constructed from crystals of the same habit but with different £ e . E
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S12E5 and spatial orientations, that have been sequentially c.ollected.. The constructed 2 oo E ol 2 oo % 0l TV _ - IPHEXx During the Integrated Precipitation and Hydrology Experiment, four radars were deployed on the ER-2 aircraft. These

particles are filtered to represent different observed mass-size relations. s i . s % ) o 5’ included the X band ER-2 Doppler radar (EXRAD), operating at 9.6 GHz (X band), the High-Altitude Wind and Rain Airborne Profiler
, , , , , , , J , Micp const § (HIWRAP), operating at 13.9 GHz (Ku band) and 33.7 GHz (Ka band), and the Cloud Radar System (CRS), operating at 94 GHz (W

Using this method, roughly 6600 ice particles have been simulated, ranging from single 700 03 10/15 20 23 50 3500 03 10 15 20 23 30 35 00 03 1015 30 35 0 100 03 10 15 20 25 10 15 ; band). These radars were utilized to probe the structure of precipitation systems over North Carolina in May-June of 2014. We used

pristine crystals to multi-crystal aggregates (sizes from 260 to 14,260 um maximum these radar channels to discriminate between particle models in the melting layer, since the melting layer is relatively thin (generally <

- - : . - - : - simulated melting aggregates - , ) : ) _ _ . _
dimension, although recent.ly, parFlcles greater .than this maximum haYe been cre'flted). Each 1ce.partlcle 1S | 19.15 1920 13.[35(h19.3o 1935 1940 1 km thickness), and radiometer observations do not necessarily detect much signal from changes in the melting layer. Also, the W
constructed on a 3D numerical grid, and the microwave single-scattering properties of each particle are HIWRAP Ka Band Reflectivities band channel of CRS is sensitive to assumptions regarding particle shape, and therefore W band represents a kind of “bridge” to the

computed using the discrete dipole approximation (DDA see Draine and Flatau, JOSA, 1994). In the
DDA, a particle is represented by a grid of dipoles; each dipole interacts with an incoming electromagnetic
wave as well as the scattered waves from all other dipoles in the particle. At above right are simulations of
the single-scattering parameters of the individual particles (blue) using DDA, as well as the parameters for
spheres of the same mass and either variable density (solid green) or a constant density of 0.1 g cm™?

higher-frequency radiometer channels.

In a preliminary study, the spherical and nonspherical particle models for both ice-phase and melting precipitation are utilized to
estimate precipitation profiles using HIWRAP, and then the estimated profiles are used to simulate the W band reflectivities. The Ku
and Ka band data from HIWRAP are closely fit by either spherical or nonspherical particle polydispersions using the estimation
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(dashed green), derived from Mie theory. 19.15 - 19.20 ‘?n’]le (h;" 301935 1940 procedure, so the question is whether or not the coincident W band data can also be fit using the estimated precipitation profiles.
Relative to the variable-density spheres, the constant density Mie spheres provide a better approximation to § : : 233;3- D, LS Shown in the panels at left are vertical cross-sections of HIWRAP Ku and Ka band radar reflectivities as well as the cross-section of
the aggregate particle backsc.atter efficiencies at 13.6 and 35.5 GHz. However, npte that at the 89 apd E 200 * — Jepmm 5 CRS W band reflectivities from 3 May 2014 between 1900 and 1930 UTC. The solid curves at below left are the observed reflectivity
165.5 GHz channel frequencies of the GMI, the asymmetry parameters of the Mie spheres are consistently S 7 mm § profiles at 1909 UTC. The vertical profiles of Ku and Ka band reflectivities are used to estimate precipitation profiles based upon either
higher than the aggregate asymmetry parameters. This characteristic leads to an inability of Mie spheres to % Hor b E the spherical (0.1 g cm™) ice/melting particles or the nonspherical aggregate ice/melting particles. The spherical particle estimated
simultaneously fit radar and high-frequency radiometer data in field campaign tests (see Olson et al., 2| B - i | profile is used to simulate the W band attenuated reflectivity profile shown as the dotted red curve, while the nonspherical aggregate
JAMC, 2016). % o0or 9151920 19as 193019351940 particle estimated profile is used to simulate the W band profile shown as the dashed red curve.
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The prop erties. of melt.in.g i(.:e Cl.‘ystals, aggregates, and g? aupel are al‘so being investigated. In one 80010 TR 0 w0 s 150 T Sampl 5 'l{‘)'r'(')'f?l'e" ' R 'l'ﬁ'x'é;n i Note that above the freezing level, the nonspherical ice particle profile fits the W band data well, while the spherical ice particle profile
gpproac.h, the Ice precipitation 1s represepted on a 3D grid, and melting occurs b.ased upon the exposure of REFLECTIVITY [fiBZ] i | \ — KuBand | does not, as expected from the Olson et al. (JAMC, 2016) study. On the other hand, both particle types only lead to rough fits of the
ice to air (warming), while meltwater migrates toward local centers of mass to simulate the effects of ey Dulk Attenuation _— o : \ ——— KaBand observed W band profile in the melting layer and below. There are many factors that control the simulated radiative properties of the
surface tension. The evolution of a melting aggregate based upon this approach is shown at above right, % | equiv. D, 160k LA\ TP melting layer, such as the assumed densities/shapes of ice particles at the freezing level, the parameterization of the terminal fall speeds
with ice in bl.ue and meltw?‘ter n rec,i,. The sin.gle-scat.t ering prop erties of the melting aggregates ae E ‘ — Voo mm 2 o ~N 0°C of the melting particles, and the effects of particle aggregation both above and within the melting layer. The fitting of the multi-channel
cpmpyted using DDA and I}lap ped tp spherical part%cles with th.e sam§ mass and meltwat.er. fraction in ; 13 mm § . s / E radar data as a function of particle modeling assumptions will be explored by the team of investigators. In addition to the reflectivity
Slmp.ll,_liﬁedt tlD tlz§rml())dyrllam1c 81m11112(11t.10ns O.f the I;leltllltl.g layer.t. Sllmulatl(t})lns of btUI.k ;:ﬂfecug.lftfy an(i S % 1™ Z ok S { ] data shown at left, Doppler velocities at each frequency are also available, as well as in situ particle microphysics probe observations.
specific attenuation based upon polydispersions of melting particles are shown at right, for different initia - 1 7 0 | S : : . : : .
median volume (liquid-equivalent) diameters. It is evident that polydispersions of melting homogeneous g - 175k //'/ E These observations will serve as additional constraints on the particle models
spheres (0.1 g cm™, solid lines) have properties that are different from those of melting nonspherical = _ f : GPM uic . _ . _ . . . o .
aggregates (dashed lines). The different attenuation-reflectivity relationships represented by these melting T T '8-00' : . L | U}tlmately, the bulk sm.gl.e—scattern.lg properties O.f the s1mu1at§d particle polydispersions developed in this .StUdY will be
particles will impact combined radar-radiometer estimates of precipitation profiles. ATTENUATION [dB km"] REFLECTIVITY [dBZ] ] introduced into the GPM core mission combined radar-radiometer algorithm (through look-up tables) for further testing.



